Conductivity of bilayer graphene near charge neutrality
In the main text, we have shown multi-terminal measurements of the resistance of bilayer graphene exhibiting negative values at sufficiently high carrier density as a consequence of ballistic transport (Fig. 1d ). The data shown there have been taken by measuring the resistance along the "short" edge of the device (i.e., with reference to the scheme in Fig. 1a , by sending current from contacts 1 to 4, and measuring the voltage between contacts 2 and 3). We find that the manifestation of ballistic transport is less pronounced when measuring the resistance along the "long" edge of the device (by sending current from contact 1 to 2 while measuring the voltage between contact 4 and 3, see Fig. 1a ). In this case the resistance vanishes (or just turn negative) at the highest applied gate voltage, as shown in Fig. S1a . For our quantitative analysis, we use the conductivity extracted from measurements performed in the "long" configuration (see Fig. S1b ). The geometry in this case is also better suited, because in the diffusive regime the current density is expected to be significantly more uniform, owing to the larger distance between the contacts used to source and to drain the current. The data are shown for T > 12 K, i.e., for temperatures higher than the critical temperature to the gapped insulating state caused by electron-electron interaction (see next section).
Figure S1 -Multi-terminal transport measurements along the "long" device edge. a. Multiterminal gate-voltage dependent resistance measured in suspended bilayer graphene, by sending current from contact 1 to 2 while measuring voltage between contacts 4 and 3 (see the scheme shown in Fig. 1a of the main text). The data are shown for T > 12 K, i.e., for temperatures larger than the transition temperature to the broken symmetry insulating state that appears in bilayer graphene at low temperature, near charge neutrality. b. Carrier density dependence of the conductivity extracted from the data of panel a. 
Other bilayer graphene devices
To validate the role of electron-hole collisions in determining the conductivity near charge neutrality, we have measured and analyzed a total of four bilayer graphene devices. All of them exhibited excellent quantitative agreement with the prediction of Eq. (2) in the main text. Two devices have been realized in a four-terminal configuration (identical to the one of the device discussed in the main text) and the other two in a two-terminal configuration (which is technically considerably simpler). Here we show data from the second four-terminal device (device #2) and from one of the two four-terminal devices (device #3) to illustrate the reproducibility of the quantitative agreement between theory and experiments. shows the results from one of the two-terminal bilayer graphene devices investigated (device #3; the behavior of device #4 is fully analogous). Two-terminal devices are easier to realize, but the presence of the contact resistance (Rc) needs to be considered when analyzing the data. Contact resistances in devices of this type are generically temperature and density dependent, and are estimated to typically range from several hundreds to a few kΩ 1-4 depending on the device width. In order to compare the data with our model, we first assume that the contact resistance is Rc = 500 Ω for all temperatures and densities. As shown in Fig. S3a , the agreement with theory is very good, but not perfect (the value used for the effective mass is m* = 0.033 m0 , the same used for the multi-terminal device discussed in the main text). The agreement becomes virtually perfect if the temperature dependence of Rc is taken into account. This is shown in Figs. S3b-c, where Rc is varied from 0.5 to 0.9 kΩ as the temperature is decreased from 100 K to 20 K (Fig. S3e ). The other two-terminal bilayer graphene device (device #4) shows a fully consistent behavior, also for the range of the contact resistance value extracted from the analysis.
Figure S3 -Electron-hole scattering in two-terminal bilayer graphene device #3. a.
Normalized conductivity as a function of n for different values of temperature, 20 K < T < 100 K in 10 K steps. For all values of T and n, a same contact resistance Rc = 500 Ω has been subtracted from the measured resistance. Although not perfect, the agreement between data (empty symbols) and theory (continuous lines of the corresponding color) is very good already at this level of approximation (the value of effective mass used is m* = 0.033 m0, identical to the value used to analyze the four-terminal device discussed in the main text). In panel b. we consider that the contact resistance Rc changes from 0.5 to 0.9 kΩ with decreasing temperature from 100 K to 20 K (panel e), in line with what is known for graphene devices. In this case, excellent agreement is obtained for the entire carrier density and temperature range investigated, as confirmed by the double-logarithmic plot in c. Panel d shows a microscope image of the device (the scale bar is 2 μm). Finally, Fig. S4 shows that for all bilayers devices -just as for the one whose data have been presented in the main text-the normalized conductivity exhibits excellent scaling when plotted as a function of EF/kBT, as well as excellent agreement with the theoretical expression for the normalized conductivity (Eq. (2) of the main text), as long as EF is not too much larger than kBT.
The precise value of the EF/kBT ratio beyond which deviations start to appear seems to depend somewhat on the device, as should be expected. That is because for longer device a larger value of EF/kBT is required to reduce the electron-hole scattering rate to the point when the ballistic transport regime is entered. Indeed it seems that in the two-fterminal devices, in which the distance between the contacts is typically somewhat longer than for four-terminal devices (just over 3 μm for four-terminal devices and just over 2 μm for two-terminal devices), the deviation between data and the theoretical expression for the diffusive conductivity starts at slightly larger EF/kBT values (note that the slight asymmetry that is seen upon changing polarity of charge carriers in device #4 is likely due to the pn junction that forms at the contacts).
Figure S4 -Scaling of normalized conductivity for other bilayer graphene devices.
Normalized conductivity as a function of EF/kBT for multi-terminal device #2 (a) and two-terminal devices #3 (b) and #4 (c), 15 K < T < 40 K in 5 K steps. The red continuous curves represent the result predicted from Eq. (2) in the main text.
Broken symmetry insulating state in suspended bilayer graphene
As we have mentioned in the main text, we have confined our analysis of the effect of electronhole scattering on transport to temperatures T > 12 K because at lower temperatures a gapped, insulating broken symmetry state appears. This state has been observed earlier by others [5] [6] [7] and its properties are well documented. Here we show transport data measured on one of our multiterminal devices to illustrate its manifestation in transport. Fig. S5a shows (in logarithmic scale) the multi-terminal resistance measured as a function of gate-voltage for T ranging between 10 K and 250 mK. It is apparent that below 10 K an extremely strong temperature dependence of the S5b shows that -correspondingly-the conductance at charge neutrality decreases extremely rapidly, dropping by four orders of magnitude upon lowering T from 10 K to 250 mK. The onset of the drop in conductance occurs between 10 and 15 K, corresponding to the critical temperature of the transition (through ongoing studies in our group -to be discussed elsewhere-we can now determine the transition temperature quite precisely to be 12 K).
In the broken symmetry state the temperature and density dependence of transport are not determined primarily by electron-hole scattering. The temperature dependence is determined mainly by thermal activation of charge carriers above the interaction-induced gap between valence and conduction band; the density dependence is determined by the fact that the gap depends on n. We therefore cannot expect Eq. (2) of the main text to hold for T < 12 K. Indeed, the data in Fig.  S5c show that in this regime the normalized conductivity is not a function of EF/kBT, i.e., for T < 12 K all curves do not collapse together when plotted as a function of EF/kBT. An important implication of this observation is to confirm that the results shown in Fig. 2f of the main text (and in Fig. 3f for the trilayer) are highly non-trivial. In other words, the collapse of the normalized conductivity plotted versus EF/kBT that is observed for T >12 K provides compelling evidence for the validity of Eq. (2) in the main text.
Figure S5 -Manifestation of the broken symmetry states in suspended bilayer graphene. a.
Resistance versus gate voltage close to charge neutrality for T ≤ 10 K. Upon decreasing temperature, the resistance increases exponentially providing a manifestation of the gapped insulating state. b. Temperature dependence of the minimum conductance, exhibiting a suppression of four order of magnitudes in passing between 10-15 K and 250 mK. c. Normalized conductivity plotted as a function of EF/kBT for T ≤ 10 K, showing that in this regime no collapse of the data measured at different T and n occurs, in contrast to what happens for T > 10 K (see the fig. 2f in the main text). 
Characterization of trilayer graphene
For completeness, we show the basic transport characterization of the suspended multi-terminal trilayer graphene device whose data has been discussed in the main text, to confirm its highquality, thickness, and stacking order. Fig. S6a shows the gate voltage (Vg) dependence of resistance measured at T = 4 K. The resistance peak at charge neutrality is very sharp, and by plotting the corresponding conductance in a double-logarithmic scale (see the inset of Fig. S6a ) we infer a very small level of charge inhomogeneity, δn ∼ 2-3×10 9 cm −2 , which provides a first indication of the device quality 8 .
Quantum Hall measurements confirm the high device quality and allow the determination of the thickness and stacking of our device. We exploit the multi-terminal geometry 9 to measure separately the longitudinal and transverse resistivity as a function of magnetic field B and carrier density n. From these quantities, we obtain the transverse conductivity (σxy) shown in Figs. S6b-c. We find that the most robust quantum Hall state appearing at the lowest values of B is the one exhibiting a well-defined plateau at σxy = 6 e 2 /h. The σxy versus Vg curves collapse on a single curve when plotted as a function of filling factor ν = nh/(eB) (Fig. S6c) , which allows us to determine precisely the gate capacitance relating n to Vg (α = n/Vg ~ 5.5×10 9 cm −2 /V). The internal consistency of the analysis is shown by noticing that the plateau at σxy = 6 e 2 /h occurs at ν = 6, as should be expected. Note that the plateau becomes visible already when the applied magnetic field is as low as 0.1 T (Fig. S6b) . From the criterion for the occurrence of fully defined quantum Hall plateaus, μB >> 1, we infer that μ >> 100 000 cm 2 V -1 s -1 , which provides evidence of the device quality 10 .
Finally, finding that the first quantum Hall state occurring at low magnetic field is at ν = 6 indicates that our device is made of trilayer graphene, for which a 12-fold degenerate zero-energy Landau level is expected 11 . The value of the conductance (the maximum resistance measured at low temperature is only about 10 kΩ) and its weak temperature dependence observed at zero magnetic field exclude the possibility that the trilayer as an ABC stacking 12 . These measurements therefore identify graphene as Bernal-stacked trilayer. 
A note on the expression for the conductivity at charge neutrality
In the main text, the expression for the conductivity that we have obtained to analyze the data has been derived by discussing the behavior of the system in terms of well-defined electron and hole quasi-particles that scatter through mutual (screened) Coulomb interaction. It may be argued that, at charge neutrality, with their lifetime � � � �� � � � �� , these quasi-particles are not well-defined in the sense of Fermi liquid theory, and that the system is quantum critical 13 . This is a very interesting point that will deserve additional theoretical investigations. Here we only remark that in the case of monolayer graphene a similar issue -the possibility to analyze the electronic properties of the system in terms of quasi-articles-is present. In that case, in the literature, the properties of the system have been analyzed by writing a Boltzman equation for the population of electron and hole quasi-particles with well-defined energy and momentum 14, 15 , which is essentially the same type of assumption made by us. Additionally, we remark that the final expression of the conductivity that we have derived depends only on "integrated" quantities, such as the total density of electrons and of holes. It is therefore well possible that such an expression is valid even if the notion of quasi-particle is not, and that the expression for the conductivity near charge neutrality can be derived within a hydro-dynamical description of bilayer graphene. Although conceptually very relevant, a more detailed theoretical discussion of these issues go beyond the scope of our paper. 
